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@ ART nucleotide segments, vectors cell lines, methods of preparation and use. 

@ A gene and gene product that regulates the expression of 
the capsldal envelope genes of HTLV-lll/LAV and that can be 
used to regulate the expression of heterologous (non-viral) 
genes as well Is disclosed. This art gene consists of two exons 
and can be used in creating nucleotide segments, vectors and 
cell lines. A new method for screening for compounds that 
Inhibit the replication of HTLV-lli is also described and 
comprises: 

(1 ) transfeoting a T-cell line with the HTLV-iii art and env 

genes; 

(2) thereafter, adding a preselected compound to the 
transformed ceil line in increasing concentrations; and 

(3) determining whether the compound effects the art 
function without being toxic to the cell. 

An additional parameter to use In diagnosis of AIDS disease 
is also described. The use of the art gene and gene product In 
AIDS therapy is also disclosed. 
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Description 



Art Nucleotide Segments, Vectors, Cell Lines Methods of Preparation and Use 



Ttie present invention is directed to the use of 
vectors, transformants and cell lines containing the 
art gene, and the use of the art gene product for 6 
expression, diagnostic and therapeutic means. More 
particularly, the art gene product can be used to 
regulate the rate of expression of heterologous gene 
products. 

Considerable effort has been spent over the years 10 
in attempting to understand the mode of action of 
viruses, particularly that of retroviruses. Questions 
for which answers have been sought include the 
reasons that certain of these viruses preferentially 
infect and/or replicate in certain types of cells as is 
opposed to other types of cells and how the virus 
regulates its life cycle. 

The Acquired Immune Deficiency Syndrome 
(AIDS), and AiDS-related complex have been the 
subject of intensive scientific research and public 20 
concern. Human T-Cell leukemia virus III (HTLV- 
lll)/l-AV is the etiological agent of the acquired 
immune deficiency disease, AIDS-related complex 
and other virus-related disorders including degener- 
ation of the central nervous system, lymphoid ^ 
interstital pneumonitis (LIP) an increased incidence 
of Kaposi's sarcoma, B-cell lymphoma of a BurWtt's 
type, Hodgkin's lymphoma and thrombocytopenic 
purpera, collectively called HTLV-III/U^V related 
disorders [F. Barre'-Sinoussi et al., Science 30 
200:868(1983); R.C. Gallo et al., ibid., 224:500 
(1984); J. Schupback et al., ibid.: 503; M.G. 
Sarngadharan et al., ibid.: 506, J.A. Levy et al., ibid .: 
225,840 (1 984) ; D. Klatzmann et al.. Nature (London) 
313:767 (1984); M. Gottlieb et al.. New England J. 3? 
Med. 305:1425 (1981); H. Masur et al., ibid.:1431 F. 
Siegal et al., ibjd.: 1439; H. Lane et al., ibid.:309, 453 
(1983) ; J. Ziegler et al., ibid. :31 1,565 (1984) ; G. Shaw 
et al., Science 227 :177 (1985). D. Klatzman et al.. 
Science 225:54 (1984); M. Seligman et al.. New 40 
England J. Med. 311 :1286 (1984)] AIDS is clinically 
typified by depletion of T-Cells of the T4+ (helper) 
subset, a phenomena reflected by cytotoxicity of the 
virus for T4+ in vitro . L^ge scale production of the 
virus was made possible by the development of T4+ 4S 
cell lines that were susceptible to virus infection but 
that were partially resistant to its cytophathic effects 
[M. Popovic et al., Science 224 :497 (1984).] 

The HTLV-III genome, like that of other retro- 
viruses, contains three open reading frames encod- 50 
ing the capsid proteins (the gag gene), the envelope 
proteins (the env gene), and non-structural proteins 
necessary for replication (the pol gene) [Ratner, L. 
et al. Nature 313:227-284 (1985); Wain-Hobson, S., 
et al. Cell 40: 9-19 (1985) ; Sanchez-Pescador, R. et 55 
al. Science 227 :484-451 (1985); Muesing, M.A.etal., 
Nature 313:450-458 (1985); Robey. W.Q. et al.. 
Science 228:593-596 (1985); Veronese, F. et al. 
Science 229 : 1402-1405 (1985); Kitchen, L. et al., 
Nature 312 : 387-370 (1984); Schupbach, J. et al., 60 
Science 228 : 503-505 (1984); and Allan, J.S. et aL, 
Science 228 : 1091-1093 (1985)]. 

This genome also contains other open reading 



frames that encode at least three additional proteins 
not common to most retroviruses [Ratner L. et al., 
Nature , supra ; Wain-Hobson, S. et al.. Cell supra . 
Sanchez-Pescador, R. et al., Science , supra ; Mues- 
ing, M. A. et al., Nature supra ; Arya, S. et al., Science 
229 : 69-74 (1985); Sodroski. J. et al.. Science 229 : 
74-77 (1985)1. Mutations in two of these open 
reading frames (the sor gene that encodes a 23 kD 
protein [Sodroski, J. et al., Science 231:1549-1553 
(1986); Lee, T. H. et al., Science 231 :1546-1549 
(1986)] and the 3'orf gene that encodes a 27kD 
protein, [Alian J.S. et al.. Science 230: 810-812 
(1985)]) do not eliminate the ability of the virus to 
replicate in and to kill T lymphocytes [Sodroski, J. et 
al.. Science 231:supra]. The transactivator (tatm) 
gene encodes a 13kD protein that post-transcrip- 
tionally stimulates HTLV-III long terminal repeat 
(LTR)-directed gene expression [U.S. Patent Appli- 
cation Serial No. 805,263 filed December 6, 1985; 
Rosen, C.A. et al., Nature 319:555-559 (1986); 
Sodroski, J.G. et al., Science 227 : 171-173 (1985); 
Ayra, S. et al.. Science229. supra ; and Sodrosky, J. 
et al; Science 229 supra which are incorporated 
herein by reference] via an interaction with specific 
target sequences (called TAR) in the leader of viral 
messages [Rosen, C.A. et al.. Cell 4^: 813-823 
(1985)]. Mutations in the 5' portion of the first coding 
exon of the bipartite tatm gene destroy the ability of 
the virus to efficiently synthesize structural proteins 
and to replicate [U.S. Patent Application Serial 
No. 806.263; Dayton, A. et aL, Cell 44:941-947 
(1988)]. These mutations can be complemented in 
trans in cell lines that constitutively express the tatnt 
protein. 

We previously discovered that it Is possible to use 
the t^iiigene and gene product to produce high 
levels of heterologous gene products. However, the 
production of certain gene products such as 
envelope protein can result in lysis of the cell. 
Consequently, the cell will die before producing 
large amounts of the desired protein. 

Further, some cells possess proteolytic enzymes 
that breaic down heterologous protein and prevent 
the accumulation of large amounts of the heterolo- 
gous protein. 

It would be desirable to have a system where large 
amounts of "building blocks", the messenger RNA 
(mRNA) species corresponding to specific proteins, 
of a desired protein could be accumulated in a cell 
before production of that desired protein began and 
to then initiate production. 

It would also be desirable to have additional 
means of Identifying individuals possessing the 
HTLV-Ill/LAV virus. 

Further, it would be advantageous to have a new 
mode of finding compounds that will prevent the 
infection, replication, propagation and spread from 
individual to individual of the cytopathic effects of the 
HTLV-Ill/LAV virus. 

Still further, it would be beneficial to be able to 
produce non-lethal HTLV-Ill/LAV virus for both 
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diagnostic and proptiylatic purposes. 

Summary of Invention 

We have now discovered a gene and gene product 
tliat regulates tine expression of the capsidal 
envelope genes of HTLV-III/LAV and that can be 
used to regulate the expression of heterologous 
(non-viral) genes as well. This art gene consists of 
two axons and can be used In creating nucleotide 
segments, vectors and cell lines. Additionally, we 
have found that this gene and gene product Is 
necessary for the prolific replication of HTLV-III/LAV. 
Thus, we have found a new method for screening for 
compounds that inhibit the replication of HTLV-III. 
This method includes the steps of: 

(1) transfecting a T-cell line with the HTLV-III 
art and env genes; 

(2) thereafter, adding a preselected com- 
pound to the transformed cell line in increasing 
concentrations; and 

(3) determining whether the compound ef- 
fects the art function without being toxic to the 
cell. 

A variation of this method involves the establish- 
ment of cell lines that contain the art sequences into 
the cellular DNA and express art activity constitu- 
tively. Thereafter, steps 1 to 3 can be performed. 

This gene and gene product can also be used In 
controlling the production of a desired heterologous 
gene product. This method includes the steps of: 

(1) transfecting a preselected cell line with a 
vector containing a sufficient amount of the 
HTLV-III LTR to be responsive to a trans-activat- 
ing protein upstream of a desired heterologous 
gene fused to a cis-acting negative sequence, 
capable of releasing a cis-acting inhibitory 
factor; and 

(2) at a predetermined time contacting the 
cis-acting inhibitory factor with a sufficient 
amount of art gene product to repress the 
cis-acting inhibitory factor and permit express- 
ion of the desired heterologous gene product. 

Further, this newly discovered protein of about 
116 amino acid associated with HTLV-III/LAV, results 
in an additional parameter to use in diagnosis of the 
disease. Still further, the art gene and gene product 
can be used in AIDS therapy. For this purpose 
purified art protein or peptides derived therefrom, 
produced' in bacteria, yeast or mammalian cells or 
synthesized chemically can be used to detect 
antibodies to the art protein in body fluids. Alterna- 
tively, antibodies raised to the art protein or peptides 
derived therefrom can be used to detect art protein 
in tissues or body fluids. 

Brief Description of the Figures 

Figure 1A shows the structure of the HTLV- 
III/LAV genome containing exons of the art 

gene. 

Figure IB shows the DNA sequence of the 
two open reading frames that constitute the art 
gene and the predicted amino acid sequence of 
the art gene product. 

Figure 1C shows the hydrophilio (upper) - hy- 
drophobic (lower) profile of the art gene 



product. 

Figure 2A shows the structure of HTLV-III 
proviral deletion mutants. 

Figure 2B illustrates the repllcative potential 
5 of the proviral deletion mutants as indicated by 

transfection into Jurl<at-tatiii cells. 

Figure 3 (A-D) show the complementation of 
mutations in HTLV-III proviruses by plasmids 
designed to express the art gene product. 
10 Figure 4 is a schematic representation of 

plasmids containing the art gene. 

Figure 5A Illustrates RNA slot-blots from 
transfected cells. 

Figure 58 shows proteins immunopreclpi- 
1S tated from the transfected cells. 

Figure 5C shows immunoprecipitates of cells 
transfected with proviral plasmids using patient 
antiserum. 

Figure 6 shows a piasmid that is capable of 
20 producing the art protein in bacteria. 

Figure 7 shows immunoprecipitates of the 
baeterlally synthesized art protein using a 
patient anti-serum. 

Figure 8 shows a piasmid In which a nonviral 
25 (heterologous) gene, in this instance chloram- 

phenicol acetyltransferase (CAT), is negatively 
regulated by cis-acting negative regulatory 
sequences present in the 3' terminal portion of 
the HTLV-III genome. 

30 

Detailed Description of the Invention 

We have now discovered a gene that produces a 
protein which In addition to the tatm gene product, Is 
necessary for efficient HTLV-III g^ and eny protein 

35 synthesis. The coding exons of this gene use 
alternative reading frames of the first and second 
coding exons of the tatm gene (Figure 1). Beginning 
at about a methionine codon at about nucleotide 
5550, the first coding exon of this gene extends to a 

40 known splice donor at about position 5625. The 
corresponding splice acceptor, located at about 
nucleotide 7956, precedes an In-frame open reading 
frame ending in a stop codon at about position 8227. 
The splicing events needed to produce this alterna- 

45 tive reading frame product are the same as those 
used for the tatm gene and occur In the messenger 
RNA of HTLV-III infected cells. 

The product of this alternative reading frame is 
about 116 amino acids long and contains highly 

so basic hydriphilic stretches similar to those found in 
the tatm gene product and in nucleic acid-binding 
proteins. 

The expression of HTLV-III structural genes Is 
governed post-transcrlptionally by the tatm product, 

55 which acts as a positive regulatory factor, and by the 
art product, which counteracts cis-acting negative- 
regulatory sequences located in or near the gag and 
env genes. Two possible roles for this complex 
regulatory scheme can be considered. HTLV-III is 

60 reported to establish a latent state of infection in 
T-cells that are not activated [Zagury et al. Science 
231:850-853 (1986)]. Lacl< of tatm or art function 
would lead to a -state of infection characterized by 
accumulation of viral RNA without synthesis of virus 

65 structural proteins. Rapid release form such a latent 
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state Goutd be achieved in the absence of new RNA 
synthesis if the tatm or art function were recon- 
stituted. A dependence of tatm and art activity on the 
state of cell differentiation would explain the relation- 
ship between HTLV-lll latency and T-cell activation. 

Alternatively, post-transcriptional regulators may 
play a part in the lytic cycle of the virus. An early 
stage of infection characterized by accumulation of 
viral RNA but not of virion proteins might precede a 
late phase in which viral proteins toxic to T4 cells are 
produced. The switch from an early to a late stage of 
infection would reflect activation of either one or 
both of the tatm and art gene functions. Such an 
early-late switch would permit accumulation of the 
mRNAs for toxic virion components before such 
components themselves are produced. There is 
some evidence that modulated activity may 
result in Increased production of Infectious virus. 
The yield of virus particles on lytic infection of the 
Jurl<at cell line that constitutively produces high 
levels of the tatm gene is much lower than that 
observed on infection of the Jurkat cell line itself, 
despite the observation that the cytopathic effect of 
infection is accelerated in the Jurl<at tatm cells. 
Premature cell death attributed to high constitutive 
levels of the tatm gene might explain the decreased 
virus titres. Temporal regulation of virus gene 
expression Is important in the life cycle of other lytic 
viruses. The postulated roles of the tatm and art 
genes in the latent and lytic cycles of HTLV-lll 
infection are not necessarily exclusive. 

The flexible multi-tiered regulatory pathway linked 
to host cell differentiation and proliferation would 
account for much of the variability observed in the 
disease consequent to HTLV-lll infection [Seligman, 
M. et al., N. Eng. J. Med .. 311:1286-1292 (1984)]. 
Using such a multi-tiered regulatory pathway Invol- 
ving both positive and negative elements, should 
result in the production of high levels of a desired 
heterologous gene. 

The necessity of the art gene product in addition 
to the tatiiiprotein for efficient HTLV-lll gag and env 
protein synthesis is demonstrated by preparing 
plasmids that delete parts of the two coding exons 
of the tetiii gene vnth the result that, the ability of the 
virus to express £^ and env proteins is dramatically 
reduced if not eliminated. Further, this attenuation of 
the virus is not the result of defective tatm gene 
product, because these mutations are not com- 
plemented by the addition of tetm gene products 
alone. Thus, it is clear that a second post-transcrip- 
tional control pathway Is Involved in HTVL-lll ex- 
pression. 

Raji cells that have been transfected with plas- 
mids containing these deletions (pA(8053-8474 and 
pFS8053) failed to express HTLV-lll gag or env gene 
products, but did synthesize levels of the 14kD tatm 
gene product in amounts comparable to that seen 
following transfeotion with the pHXBc2 plasmid. The 
pHXBcz expresses the env , gag and tatm gene 
products but does not synthesize a complete 3' orf 
gene product, as judged by radioimmunopercipita- 
tion. Thus, mutations at or near nucleotide position 
8063 attenuate the ability of the provirus to syn- 
thesize gag and env protein, but do not affect the 



synthesis of the tetm protein. This is further shown in 
Figure 2, which shows that proviruses containing 
mutations in the 3' portion of the env gene are able 
to stimulate HTLV-lll LTR dlrected^ne expression 
5 to approximately the same level as is observed in the 
intact pHXBc2 provirus. Thus, mutations that effect 
gag and env gene protein expression do not 
significantly effect tatm gene expression. 
Significantly, plasmids which express the art gene 

10 product complement the defect of the deiection 
mutants and result in the synthesis of the gag and 
env gene product. HTLV-lll LTR sequences from 
-167 to -1-80 were placed at various positions with 
respect to the putative initiation codon for the art 

15 gene reading frame. Viral protein expression was 
assessed at 48 hours following transfectlon. 

Figure 3 illustrates that placement of the HTLV-lll 
LTR 54 nucleotides 5' to the art ACG codon (and 
downstream of the tatminitiation codon) results in a 

20 plasmid (pEx549B) that provides in trans a function 
required for gag expression by one of the mutant 
plasmids (pFS8053). The gp160/120 env gene 
proteins are produced by the pEx5496 plasmid itself 
upon transfectlon into Jurkat-tatm cells. The ability of 

25 the pEx5496 plasmid to complement the pFS8053 
mutation and to synthesize envelope proteins is 
eliminated by a frame shift mutation within the 
alternative reading frame (plasmid pEx5498FS]. 
Plasmids in which the HTLV-lll LTR Is located 3' to 

30 theart ATG codon do not complement the pFS8053 
mutations and also do not synthesize env gene 
products (See plasmids pEx5607 and pEx5702 in 
Figure 4). In contrast, deletions within the env or 3' 
orf genes of plasmid pEx5496 do not eliminate the 

35 ability to activate g^ gene expression by the 
pFS8053 plasmid (See plasmid pEx5496-A env and 
pEX(5495-8474) (Figures 3 and 4). Additionally, 
HTLV-lll g^ gene expression directed by the 
pA(8053-8474) plasmid can also be activated by the 

40 pEx5496 plasmid. This shows that plasmids capable 
of expressing art gene products can activate in trans 
gag gene expression by prowruses containing 
mutations that prevent expression of the art gene 
product. 

45 We have further found that gag gene expression 
by the pFS8053 plasmid can be activated in 
Jurkat-tatm cells by a plasmid that contains the 
HTLV-lll sequence located 5' to the initiation codon 
the tatm gene. The pEx5365 plasmid produces 

50 functional Mm activity, as well as providing in trans 
the functions required for gag gene expression (See 
Figure 3). However, the extent of gag gene express- 
ion observed in this experiment was less than that 
observed In the experiments In which the pBc54S6 

55 plasmid was used. 

Plasmids designed to express the art gene 
product, but not the env gene were tested for the 
ability to allow env gene production by HTLV-lll 
proviruses containing mutations for the art gene. 

60 The plasnud pEx5496-Aenv contains a deletlon- 
frameshift mutation In the portion of the env gene 
encoding the exterior glycoprotein, gp120. Figure 3 
illustrates that the pEx5496Aenv plasmid does not 
yield detectably levels of the env protein upon 

65 transfectlon Into Jurkat-tatm cells. Co-transfection of 
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this plasmid into Jurl<at-tatiii ceils witti the 
pA(5365-5551) plasmid ailows the iatter piasmid to 
produce both gag and env proteins (See Figure 3). 
No viral protein could be detected In Jurkat-tatm cells 
transfected either with the pA(5365-5551) plasmid 5 
alone or with the pA(5365-5551) and pEx5496FS 
plasmids. The pEx5496Aenv plasmid also activates 
this synthesis of the gp160/120 env products by the 
pEx5496FS and pEx5702 plasmids. No env gene 
products were detected upon transfection of Jurkat- 10 
tatiii cells with the pEx5496FS and pEx5702 plasmids 
alone. This demonstrates that the Inability of these 
plasmids to synthesize envelope protein is due to 
disruption of the art gene, rather than the cis-acting 
sequences required to produce envelope protein. is 
This illustrates that a product expressed by the 
alternative reading frame, the art gene product, has a 
trans -activating function with respect to env gene 
expression and/or gag gene expression directed by 
proviruses mutated in the art gene. Z3 

Although, not wishing to be bound by theory, it is 
our belief that there is a cis-acting negative 
regulatory sequence present on viral messages 
encoding gag and env gene products which the art 
gene product depresses. This sequence results in a 25 
cis-acting inhibitory factor which prevents the 
expression of the env and gag gene products. We 
have previoulsy found that the tat ni gene product 
alone is sufficient to stimulate HTLV-III LTR sequen- 
ces (-167 to -1-80) to direct high level synthesis of 30 
heterologous gene products such as bacterial 
chloramphenicol acetyltranferase and murine dihy- 
drofolate reductase [(See U.S. Patent 806,263 filed 
December 6, 1985; Rosen, C.A., Nature , supra , 
Sodroski, J.G., et al., Science 227 : 171-173 (1985)]. 35 
However, plasmids containing these same HTLV-lil 
LTR sequences located 5' to the HTLV-lli env gene 
(pEx5496FS or pEx5702) yield no detectable en- 
velope protein in the absence of the art gene 
product, even in the presence of an active tatm gene 40 
product. It is only after this art gene product is 
supplied in trans do the levels of envelope produc- 
tion by the plasmids approximate those of the 
heterologous genes under the control of the HTLV-lil 
LTR in Jurkat-tetiii cells. These observations indicate 45 
that sequences in the pEx54S6FS and pEx5702 
plasmids 3' to -1-80 inhibit env gene expression, and 
that such inhibition can be relieved by the art gene 
trans -activating function. The requirement for this 
second transactivator for gag gene expression 50 
suggests that gag gene messages also contain 
repressor sequences in addition to those found in 
env gene messages. It is for the above reason that 
we have chosen the name art for the gene that 
encodes the second transactivator, standing for 55 
anti-repressor transactivator, consistent with the 
proposed role of this gene In negating the function 
of cis-acting repressor sequences present on viral 
messages encoding the HTLV-III structural proteins. 

To test for the presence of a specific repressor 60 
sequence in the viral genome the following recombi- 
nant plasmid was constructed (See Figure 8). The 
bacterial chloramphenicol acetyltransferase (CAT) 
gene under control of the HTLV-III LTR was deleted 
of its polyadenylation signals and was joined to the 3' 65 



end of the HTLV-III genome. Following transfection 
of cells with this plasmid DNA CAT activity is virtually 
undetectable. However, co-transfection with an art 
expressor piasmid relieves repression and CAT 
activity is increased. These experiments demon- 
strate that the HTLV-III genome contains a repressor 
sequence that can be llnl<ed to heterologous genes 
in order to control their activity. Figure 8 illustrates 
as described above that art gene activity can relieve 
the negative effect of the HTLV-III cis-acting negative 
regulatory sequences. The sequences used for 
transcription initiation are derived from the HTLV-III 
LTR in this experiment and there may be a specific 
interaction between the HTLV-ill LTR sequences and 
sequences In the gag and po| genes, respectively, 
required for the negative regulatory effect specifi- 
cally relieved by art functions. 

Detectable levels of the tatm gene but not of the 
gag and env gene products are synthesized by 
proviral mutants defective for the art function. The 
influences that inhibit gag and env gene products do 
not affect tatm gene expression. It is known that 
sequences encompeissing the entire gag gene and 
most of the env gene are removed by splicing from 
the tatm messenger RNA [Muesing, l\^. A. et al., 
NatureSIS , supra , Arya, S., Science 229 , supra , 
Sodroski, Science 229 , supra ]. Removal of art-re- 
sponsive cis-acting repressing sequences located in 
the regions spliced out of tatm messages, explain the 
independence of tatmexpression from the require- 
ment from the art product. The art product should 
also be independent of such a negative regulatory 
sequence as it is synthesized from messages that 
also lack these gag and env sequences. Hetero- 
genity observed In the non-coding leader sequences 
of potential tatm and art messages could determine 
ATG usage, in effect, modulating relative levels of 
tatm and art proteins. 

We have now found a new process for screening 
for a compound that will mitigate the cytopathic 
effects of the HTLV-III/LAV virus. This process 
involves screening for a drug that will inactivate the 
art gene product. As discussed above, we now know 
that for the HTLV-III/LAV virus to express the 
capsidal envelope proteins at any significant levels, 
the art gene product is necessary. Because the 
envelope structural protein is necessary for the 
replication of the virus, by inactivating the art gene 
product and consequently preventing the replication 
of the envelope protein, it will be possible to 
mitigate, if not completely eliminate, the growth and 
the cytopathic effects of the virus. 

The envelope protein kills T-cells in a very specific 
way. This protein hooks onto the T4 receptor of T4 
cells and fuses the cells together. Thereafter, the 
fused cells die. Thus, by introducing a vector 
containing art gene and the env gene under the 
control of an HTLV-lil LTR into a T-cell line, one can 
assay for a compound that Inactivates the art gene 
and consequently prevents expression of the en- 
velope gene product and thus, stops the fusion. 
Preferably T-cells that are particularly sensitive to 
the cytopathic effects of the envelope protein are 
used. More preferably, T4 cells would be used. 

Although, any T4 cells can be used, preferably cell 
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lines derived from HUT 78 cells, C8161 cells and 
Jurkat cells are used. More preferably, tatm cell lines 
are used, as disclosed in U.S. Patent Application 
806,263. Most preferably, tatm cell lines derived from 
C8161 cells are used. 

For example, cells of ttie C8166 T4+ lymphocyte 
line may be chosen as recepients for the assay 
because this line expresses markers typical of 
activated T-celts and is exquisitively sensitive to 
HTLV-III infection and cytopathicity. Just before the 
C8166 cells show their maximum HTLV-III specific, 
positive membrane fluorescence and extracellular 
reverse transcriptase (RT) activity, cytopathic 
changes occur that include syncytia formation, 
cellular enlargement, and extrusion of cell mem- 
branes. The number of viable cells decrease rapidly 
thereafter. No such changes occurred in 08166 
cultures transfected with vectors that will not 
express the HTLV-III viral eny gene. 

Preferably, the cell lines will also contain a marker 
that is released upon the cell's death. This marker 
can be used to determine the cytopathic effect of the 
tested material. Thus, when a cell dies, the marker is 
released into the culture medium resulting in a 
reaction with the medium that is visually observed. 
Such markers can be readily selected by one of 
ordinary skill In the field and include, for example, 
chromium. 

The assay system comprises transacting a T4 cell 
line with the above-described art-env vector. There- 
after, a compound is added to the cells that would be 
expected to inactivate the art gene product In 
increasing dosages. Because the introduction of this 
vector would normally by cytopathic to the cell, 
whether or not the compound inactivates the art 
gene product is determined, merely by looking "at 
whether or not the transfected cells died. 

Typically, after transfection with these vectors, the 
cells will show cytopathic changes. Usually, six days 
after transfection, there is a dramatic decrease In the 
viability of the culture. Extracellular FIT activity is 
detected in cell-free supematants of such cultures. 
The cells demonstrate membrane fluorescence and 
die. Generally, this will occur within two weeks after 
transfection. Consequently, if the cell does not die, it 
can be assumed that the drug was effective in 
inactivating the art gene product Further, if the 
compound being tested is cytopathic to the drug, It 
will kill the cell and release the marker in the cell. As 
an added control, one would preferably run parallel 
experiments with T4 cells that are mock-transfected. 
Such cell lines could not be killed by expression of 
the envelope protein, and one would readily be able 
to determine whether or not the compound being 
tested, and/or the concentration at which it is being 
tested is detrimental to the viability of a cell. 

Preferably the transfection occurs by cocultivation 
of the T4 cell cultures with an art cell line. This cell 
line would be prepared by transfecting, for example, 
a B-!ymphocyte cell line, such as Raji cells. The 
ability of these art cells to consltutively express the 
HTLV-III art and env products can be readily 
determined prior to cocultivation by techniques well 
known in the art. Preferably, this cell line would also 
be able to express the tatm protein. It is possible to 



establish stable cell lines that express these genes 
and therefore, one has an easy and reliable method 
to transfect T4 cells each time one wants to test a 
new drug. For example, one could simply treat these 
5 art cells with mitomycin C and cultivate the cells with 
T4 cells, such as C8166 cells. The ratio of art cells to 
T4 cells can vary widely. Typically, the ratio ranges 
from 5 to 1 through 1 to 5, preferably, the ratio is 
about 1 to 3. Thereafter, the T4 cells that have been 

10 cocultivated with the art ceils will show cytopathic 
changes, indistinguishable from those observed 
after transfection of the T4 cells. 

Preferred cell lines that express the art gene 
product include Raji, Mela, NIH 3T3, Jurkat, T-cell, 

IS B-cell and CHO. 

It is preferable to screen compounds that prevent 
the interaction of the art protein with the sequences 
responsive to the art protein in the HTLV-III LTR or 
prevent the ability of the art protein to trans- activate 

20 the HTLV-III LTR. HTLV-III structural gene express- 
ion is governed ppst-transcriptionally by the tatmpro- 
duct that acts as a positive regulatory factor and by 
the art product that counteracts a cis-acting inhibi- 
tory factor resulting from cis-acting negative se- 

25 quences located in or near the and env genes. 
Consequently, using compounds that inhibit transla- 
tion, such as substances that affect the formation of 
translational initiation complexes or alter the bond- 
ing of ribosomes to the viral mRNA is most 

30 preferable. 

Examples of compounds that can be used in this 
screening process include competitors, compounds 
that inhibit translation and compounds that alter the 
binding ability of a compound. Compounds such as 

35 those described In the Physicians' Desk Reference. 
38th ed. Medical Economics Co., Droden, N.J. 

(1984) , which can be used in the present screening 
process can be readily determined by the person of 
ordinary skill in the art based upon the above 

40 disclosure. 

A preferred group of competitors would be 
mutant art proteins that would retain their ability to 
bind to nucleic acid but are deficient in overcoming 
the inhibitory affect of the cis-acting factor. Such 

45 proteins should serve as efficient competitors for 
functional art proteins. Random mutagenesis by, for 
example, chemical modification can be used to 
generate large numbers of art mutants without a 
specified target region. In one embodiment, one 

so would use the first coding exon of art which can be 
isolated using convenient restriction endonuclease 
sites. This region will be cloned Into the repllcative 
form of phage M13. 
Single stranded M13 containing the art insert in 

55 either orientation is rnutagenized using methoxya- 
lamine. This can generate single arr? d.:;uble nucleo- 
tide substitutions at a frequency of greater than SC/o 
[(Kadonaga and Knowfes, Nucl. Acids Res. , 13: 1733 

(1985) ]. The single stranded DNA of a clone in one 
60 orientation is annealed to that of a clone in another 

orientation so that a double stranded insert is 
reconstituted. The chemically modified inserts are 
removed from vector M13 DNA by restriction 
digestion and recloned into cut aikaline-phospha- 
65 tase treated M13 repllcative form DNA. Clones 
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containing inserts are Identified by the colorless 
plaques generated when the insert disrupts the 
beta -galactosidase gene present in the Ml 3 vector. 
The insert fragment can then be sequenced using 
the dideoxy method of Sanger et al., PNAS , 74: 5463: 
(1977) 

Following generation and sequencing of art 
mutants In M13 by the methods described above, 
the Insert fragments are recloned Into an HTLV-III 
expression vector containing HTLV-III LTR, and 
transfected into eukaryotic cells. The activity of the 
mutant art proteins will be determined by testing 
their ability to activate the HTLV-III LTR directed 
HTLV-III g^ or env gene protein synthesis in cells 
that also contain the HTLV-III provirus intact except 
for a mutation that Inactivates the art gene for 
example the provirus on plasmid pFS8053 in co- 
transfection assays. Using T4 cells transfected with 
gag and eiw and, preferably also the tatm gene, but 
not an unmodified wild type art gene, as many as 1 00 
plasmid clones can be tested for activity in the 
period of one week. Moreover, mutations that 
increase or decrease the trans -activating ability of 
the mutant art gene product can be detected In a 
quantitative manner by looking at the degree and 
speed of cell death. 

Those mutants that are no longer able to 
trans -activate will be tested in the above-described 
screening process. If a mutant art protein that can 
effectively compete with the active form is found 
then the mutant art gene will be subcloned Into the 
retroviral vector. 

Art protein may also be used to test for the 
presence of HTLV-lll/LAV. For example, art protein 
may be purified by reversed-phase HPLC and used 
to elicit antibodies. This protein is then used to 
immunize rabbits using techniques well-known to 
the person of ordinary skill In the field. Rabbit 
antiserum to art protein is then used in an 
Immunoprecipitation analysis in potentially HTLV-III/ 
LAV infected cells. Cells are metabolically labelled 
and the cell extract Is immunoprecipitated with the 
rabbit antiserum. Western blot assay is typically 
used [See Samuel, D.P. et al., Science 226:1094 
(1984)]. Antigen-antibody complexes may be de- 
tected by known techniques, for example, using a 
radioactive labeled protein. Figure 7 indicates that 
the art protein is approximately 19 to 20 kllodaltons 
in molecular weight and elicits an immogenic 
response in Infected patients. The availability of 
bacterially produced art protein will make it possible 
to carry out serological studies on the prevalance of 
antibodies during the disease course. Besides its 
use as a diagnostic reagent, purified art protein will 
make it possible to fully study its biochemical 
properties. 

The vectors used In the present invention can be 
in the form of plasmids or viral vectors such as those 
described in PCT/US85/a0986 filed May 24, 1984. 

For example, the defective retroviral vector pZIP- 
NE0SV{X)1 prepared as described by Cepko et al., 
supra contains Moloney murine leukemia virus LTR's 
polyadenylatlon signals, sequences required for 
reverse transcription and for encapsidation of RNA, 
as well as the 5' and 3' splicing signals that normally 



produce subgenomic eny gene messenger RNA. 
This vector also contains the bacterial gene for 
neomycin resistance ( neo ) which confers a domi- 
nant selectable resistance to the antibiotic G418 in 
5 eukaryotic cells (Southern, P. J. et al., J. Mol, AppL 
Genet 1^:327-341 (1982)) so that art transfected cells 
can readily be identified. Preferably, the vector can 
contain any element such as antibiotic resistance, 
which will permit easy detection of a transfected cell. 

10 The HTLV-lll/LAV art gene used herein was 
obtained from infectious provlral clone HXBc2 and 
encodes an HTLV-lll/LAV associated trans -acting 
factor, although it can readily be obtained from other 
HTLV-lll/LAV sources. 

15 Cell lines which stably express the art gene can be 
created by infection using a vector containing the art 
gene. 

DNA is introduced into the psl/2 (ecotropic) and 
psi AM (amphotropic) cell lines by the calcium 

20 phosphate coprecipitatlon method (Wigler et al.. Cell 
16; 777-785 (1979). These lines constitutively pro- 
duce the murine leukemia virus proteins but cannot 
package the viral transcripts (Cone, et al,, P.N.A.S 
81: 6349-6353 (1984); Mann, et al., CeH 33: 153-159 

25 (1983)). Two days following transfection, cells are 
selected with the antibiotic Q418 (400 g/ml for 
fibroblast lines and 700 g/ml for lymphocytes). G418 
resistance clones are evident in 7 to 10 days. 
Insertion of the art exons does not interfere with 

30 splicing events required for transcription of the neo 
genes. G418-resistant psi 2 and psi AM clones are 
isolated and the virus from clones producing greater 
than 10' infectious units per ml are used to infect the 
test cells. (King et al.. Science 228 : 554-558 (1985)). 

35 Cells resistance to G418 are observed subsequent 
to Infection of the cell lines tested. 

By substituting the Moloney LTR with other 
modified LTR's a tissue specific expression vector 
can be obtained. The vectors are constructed using 

40 a tissue specific enhancer(s) operatively positioned 
In the same sequence with a heterologous DNA 
segment corresponding to the polypeptide of inter- 
est, as well as a stop codon and polyadenylatlon 
sequence downstream (3') from that gene. The 

45 vector should also contain a replication origin. 

The vector contains at least the segment of an 
enhancer which determines the tissue specificity of 
that enhancer, hereinafter referred to as the "tissue 
specificity determinant." The vector preferably con- 

50 tains a complete viral enhancer, rather than just the 
tissue specific determinant from such an enhancer 
and preferably the tissue specific determinant is part 
of the complete enhancers. 
The promoter contained in the vector can be any 

55 of the known promoters which function to permit 
expression of a desired product in the host of 
choice. Preferably the promoter is a viral promoter 
from the same class of virus as the enhancer. The 
preferred class of virus Is retrovirus, and the 

60 preferred viruses for use in conjunction with the 
invention are the Akv, SL3-3, and Friend viruses. 

The term "tissue specific" as used in this 
disclosure and claims, means that the vector 
operates to produce a greater amount of desired 

65 product in the targeted tissue than it does in other 
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tissues under normal culture conditions. Tissue 
specific vectors may produce 1.5 to 1,000 or more 
times as mucin expression product in the target 
tissue as in other tissues. These tissues specific 
expression vectors are more fully dascrliied in 
PCT/US85/00986 which is incorporated by ref- 
erence. 

The tissue specific determinant can be homolo- 
gous, meaning it came from the same virus as the 
promoter, or heterologous, in which case it is not 
from the same virus as the promoter. Heterologous 
tissue specific determinants can be excised from 
other viral systems, or can be synthesized using 
knovm techniques. Tissue specific determinants 
which are specific to the target tissue can be 
identified by assay techniques, where vectors en- 
coding an Indicator or marker compound, e.g., 
chloramphenicol acetyl transferase (CAT), an indica- 
tor which can be easily quantified as described 
below, to determine which vectors are effective in 
the tissue. 

If desired, enhancer(s) from tissue specific vec- 
tors can be compared in DNA sequence to the 
enhancers which are not specific to the target tissue 
to determine the DNA sequence of the tissue 
specific determinant. Thereafter, at least the tissue 
specific determinant, preferably the entire enhancer, 
may be utilized in the desired vector containing the 
art gene and the resulting tissue specific vectors 
utilized to express this gene product In the tissue of 
choice. 

Various ceil lines can differ in their ability to take 
up and express the transfected art DNA. For 
example, Raji cells, HUT 78 cells, Jurkat cells, HeLa 
cells and NIH 3T3 cells are useful. Human T-cells and 
B-cells, generally are very useful. Another useful 
method of achieving transfection with the art DNA Is 
to use cells Infected with either HTLV-1 or HTLV-IL 

The present Invention also permits the develop- 
ment of a multi-tiered gene expression system. For 
example, by placing a desired heterologous gene 
under the control of the responsive sequence of an 
HTLV-III LTR and the cis-acting negative sequences 
that are located In or near either the gag or env gene, 
one can prevent the expression of the desired 
heterologous gene until the cis-acting Inhibitory 
effect is "counter balanced" by the art gene product. 
The entire HTLV-III LTR region need not be used in 
the vector, the HTLV-III TAR -H to +80 sequence In 
addition to functional promotor and enhancer se- 
quences either of HTLV-III LTR origin or of heterolo- 
gous origin (for example enhancer-promotor of 
other retroviruses, DNA viruses, or cellular genes) 
should be sufficient. The cis-acting negative sequen- 
ces are obtained by fusing the cis-acting negative 
sequences of the env and/or gag gene to the 
desired heterologous gene and placing this down- 
stream of at least the HTLV-III TAR sequence. The 
cis-acting negative sequence can be obtained by 
using the HTLV-III gag gene sequence. Aitematively, 
the cis-acting negative sequence from the env gene 
could be used Instead of, or in addition to, the 
sequences from the gag gene. Most preferably, one 
would just use a nucleotide sequences coding for 
the cis-acting Inhibitory region. 



One could use an expression vector, of the type 
described above, containing, for example, an HTLV- 
III LTR sequence, downstream of this sequence is 
the desired heterologous gene lacking polyadenyla- 
6 tion sequences. This region would be limited to the 
HTLV-III sequences containing sufficient nucleotides 
of the HTLV-III gag gene and/or the HTLV-lllehv gene 
to convey the cis-acting inhibitory effect, but 
excluding sufficient nucleotides of the art gene to 

10 express function gene product. Preferably, sufficient 
nucleotides of the tatur gene to express functional 
tati n gene product and/or viral polyadenylatlon se- 
quences are also present Such a vector can readily 
be constructed by one of ordinary skill In the art. 

15 (See for example. Figure 8). 

Thereafter, this vector would be used to transfect 
a cell. If the vector used does not contain the tetpi 
sequence, then preferably, this cell would also be 
contacted with tatiii gene product. This contacting 

20 with a tatiM gene product can be accomplished by a 
variety of methods. For example, this vector could 
be used on a tat m cell line, or one could subse- 
quently transfect the transformed cis-negative se- 
quence containing cell with a tatm gene or adding 

25 operable tatm gene product to this cell. As a result of 
the presence of tine cis-acting sequences, one 
would obtain large quantities of mRNA for the 
desired heterologous gene, but the heterologous 
gene would not be expressed until the cell was 

30 exposed to a sufficient amount of the art gene 
productto repress the cis-acting inhibitoryfactor. 

This exposure to the art gene product could be 
accomplished by a variety of mechanisms. For 
example, one could add the art gene product directly 

35 to the cell's culture medium at a desired preselected 
time. Alternatively, one could create art cell lines 
where the art gene product expression is under the 
control of a secondary factor. For example, one 
could develop a cell line where art gene production 

40 Is temperature dependant. Thus, until the tempera- 
ture is raised to a certain point, that cell would not 
produce sufficient amounts of art gene product to 
counteract the cis-acting inhibitory factor. When 
using such an art cell line, one would wait until a 

45 pre-determined time before raising the temperature 
of the cell. One could readily determine how long it 
takes a particular cell line with a given culture 
medium and at a given temperature to produce a 
specific amount of mRNA for the heterologous gene 

50 product. 

Another method could have the art gene under 
the control of some chemical factor, which is 
affected by the addition of some compound, such as 
a hormone. The types of cell lines can be readily 

55 developed by one of ordinary skill in the art using 
standard techniques. For example, the art gene 
could be placed 3' to the mouse mammary tumor 
virus long terminal repeat or the metallothlonein 
promoter, which are responsive to dexamethasone 

60 and heavy metals, respectively. 

Alternatively, at a desired time, one could either 
transfect the cell with a vector containing the art 
gene of cocultivate the transfected cell with an art 
cell line. This will again result in the cells being 

65 exposed to the art gene product. 
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Upon exposure to the art gene product, in 
sufficient amounts, the inhibitory effect of the 
cis-acting negative sequence would be overcome 
and the desired protein wouid be expressed rapidly. 
Because high ieveis of mRNA have already been 
built up, before expression begins, one can readily 
obtain expression of the desired gene product in 
high levels in a short period of time. When this 
expression is carried out in the presence of 
tatiiigene product, very high levels of protein produc- 
tion result. Thus, problems encountered vnth the 
expression of heterologous genes such as cell 
death or enzymatic attack on the heterologous 
protein can be minimized. For example, in the latter 
case one would know when the vast majority of the 
desired protein was being produced and could use 
known techniques to inactivate the enzyme even 
including killing the cell and then collecting the 
desired protein. 

if a gag (and/or env)-desired heterologous gene 
product fusion protein Is created, one can obtain the 
desired protein by cleaving the fusion polypeptide 
and separating the desired gene product from the 
other constituents by techniques well known to one 
of ordinary skill in the art, such as centrlfugatlon, 
chromotography, etc. 

When a fusion polypeptide. Including the envelope 
gene is created, the transfected cell line Is preferably 
a cell line other than a T-cell line. For example, a 
B-cell line would be most preferable. 

This system also permits research regarding the 
effect of a single gene on a cell. By introducing into a 
cell, the desired gene to be studied under the 
control of the cis-acting inhibitory factor one can 
turn the gene "on" and "off" as desired by 
introducing the art protein. 

This system can also be adapted for use in 
multicellular organisms, for example, with trangenic 
mice. One line of mice can be created containing the 
preselected gene to be studied under the control of 
the cis-acting negative sequences by using standard 
techniques. In this line of mice, the gene would be 
permanently shut off. Another transgenic line can be 
created that has the art gene and will express the art 
protein. These two lines of mice are then mated and 
the effects of the gene can be studied because the 
hybrid offspring will contain both the preselected 
gene and the art gene. 

The present invention can also be used to create a 
live attenuated vaccine. By using a provlrus, in which 
the functional part of the art region is deleted, the 
virus, although capable of Infecting the cells, is not 
able to express the envelope protein, and therefore, 
cannot cause the disease. Because of the small size 
of the two art exons, this attenuated virus used 
would closely resemble the complete virus. 

The present invention is further Illustrated by the 
following examples. These examples are provided to 
aid In understanding of the invention and are not to 
be construed as a limitation thereof. 

Example 1 



Construction of Vector Used to Establish Art Cell 
Lines 

The defective retroviral vector pZIPNEOSV(X) 
developed by Mulligan and coworkers [Cepko, et al., 
5 Cej} 37:1053-1062 (1984)] was used to construct a 
vector for establishing stable art cell lines. This 
vector contains Moloney murine leukemia virus 
LTRs, polyadenylatlon signals, sequences required 
for reverse transcription and for encapsidatlon of 

10 RNA as well as the 3' and 5' splicing that normally 
produce subgenomic RNA. In addition, the vector 
contains the bacterial neomycin (neo) resistance 
genes that confers a dominant selectable resistance 
to the antibiotic G418 in eukaryotic cells [Southern 

15 and Berg, J.Mol.Appl.Genet . 1:327-341 ( 1 982)] . The 
art gene of HTLV-III was obtained from infectious 
proviral clone HXBc2 and encodes the HTLV-lll/LAV 
associated trans -acting factor (Arya et al., Science 
229 : 69-73 (1985); SodroskI et al., Science 229 : 

20 T^-T? (1985); SodroskI, J. et al.. Science 
231:1546-1549 (1986); Fisher, et al., Nature 316 , 
262-265 (1985)]. 

In all plasmlds prepared (See Figure 4), HTLV-III 
LTR Sequences from -167 to -1-80 are positioned at 

^ the nucleotide denoted In the plasmid name. 
Figure 4 shows the structure of the 3'haif of the 
HTLV-III genome based upon the sequence of 
Ratner et al., Nature 313 , supra , including the 
positions of the eny gene, LTR, 3' orf gene, two tat ni 

30 coding exons, the two art coding exons (here 
depicted as solid black boxes). The position of a 
stop codon in the 3' orf gene of the parental pHBXcg 
used is denoted by a vertical broken line. The zig-zag 
lines represent signals for polyadenylatlon and 

35 splicing derived from the simian virus 40 early region 
[See Mulligan, R. C. et al.. Nature 277:108-114 
(1979)]. 

All plasmlds were made by standard procedures 
using restriction and modification enzymes accord- 

40 Ing to manufacturer's suggestions. For the proviral 
deletion mutants, the numerals In the plasmid name 
correspond to the endpoints of the deletion. These 
deletion mutants can readily be made by a person of 
ordinary skill in the art. The four nucleotide insertion 

45 (4 base pair) In plasmid pEx5496FS was constructed 
by treating a BamHI-digested provlrus with the large 
fragment of DNA polymerase I in the presence of 
nucleotide triphosphates and religating prior to 
transfection of E. coll . The ■pEx5496Z env plasmid 

50 was constructed by digesting the pEx(5496-8474) 
plasmid with the enzyme Stu I, ligaling to eight base 
pair Kpn I linkers, digesting to completion with Kpn 1 
and ligating prior to E. coli transfection. 
Figure 1 shows the structure of the HTLV-III art 

55 gene end-product. The upper figure (1 A) depicts the 
open reading frames in the HTLV-III genome based 
on the sequence of Ratner et al.. Nature 313 , supra . 
The vertical lines represent the position of stop 
codons. The open reading frames for the taliii env 

60 and art are noted. The positions of known splice 
acceptors (SA) and donors (SD) (See, e.g. Mussing, 
M.A. et al Nature 313 supra ) as well as the BamHI 
site used for mutagenesis (position 8053) are 
denoted. The putative Initiator methionine codons 

66 for the tatiii gene and art are delineated beneath the 
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figure. 

The middle figure (1 B) sfiows tlie DNA sequence 
of the two open reading frames that constitute the 
art gene with the positions of the expected splice 
donor (SD) and acceptor (SA) sequences noted. s 
The predicted amino acid sequence of the potential 
product of the open reading frame Is provided 
beneath the DNA sequence. If this splice donor and 
acceptor are used, the amino acid sequence 
encoded by the sequence near the splice site would 10 
be LYQSNPPPNP. 

The lower figure (1C) shows the hydrophilic 
(up) - hydrophobic (down) profile of the predicted 
art product based on the program of Hopp and 
Woods [Hopp, T.P. et al., P.N.A.S. 78:3824-3825 15 
(1981 )J. Protein domains specified by the first 
coding exon (I) are separated by a vertical line from 
those specified by the second coding exon (II]. The 
amino add sequence of a strongly hydrophilic, basic 
domain. is shown beneath the profile. 20 

Example 2 

Transfection of Cell Lines with Art Vector 

Jurkaf-tatiii cells were transfected by the DEAE- 25 
dextran procedure using ten micrograms of the 
proviral mutant to be complemented and ten 
micrograms of the plasmid to be tested for ability to 
complement the mutation. Forty-eight hours after 
transfection, cells were labelled with ^^S-cysteine 30 
and cell lysates were immunopreclpitated using an 
AIDS patient serum RV119. [Lee, T.J. et al., Proc. 
Natl. Acad. Sci. U.S.A. 81 :3856-3860 (1984)]. The 
positions of the gp160 and gp120 env proteins and 
the p55, p24, and p17 gag gene products are 35 
denoted. Transfected plasmids in Figure 3A were 
pA(5365-5496) (lane 1), pEx5365 (lans 2), pEx54S6 
(lane 3), pEx5607 (lane 4), pEx57Q2 (lane 5) and 
pllip-globin (lane 6). Transfected plasmids in Figure 
3B were pA(5365-5496) (lane 1), pFS8053 plus 40 
pEx5365 (lane 2), pFS8053 plus pEx5496(Iane 3). 
pFS8053 plus pEx5607 (lane 4) pFS8053 plus 
pEx5702 (lane 5), and pFS8053 alone (lane 6). 
Transfected plasmids in Figure 3C were 
pEx(5496-8474) (lane 1), pEx5496A any (lane 2). 45 
pEx5496FS (lane 3). pFS8053 plus pEx5496 (lane 4). 
pFS8053 plus pEx(5496-8474) (lane 5), pFS8053 plus 
pEx5496A erw (lane 6), pFS8CI53 plus pEx5496FS 
(lane 7), pA(5365-5551) plus pEx54S6 env (lane 8), 
pA(5365-5551) plus pEx5496FS (lane 9), 50 
pA(5365-5539) plus pEx5496A env (lane 10), and 
pA(5365-5539) plus pEx5496FS(lane 11). Trans- 
fected plasmids in Figure 3D were pEx(5496-8474) 
(lane 1), pEx5496Aenv (lane 2), pEx5496FS (lane 3). 
pEx5496Aenv plus pEx5496FS (lane 4), and S5 
pEx5496Aenv plus pFS8053. The predicted env gene 
product synthesized by the pEx5496FS plasmid is 47 
amino acids shorter than the wild type HTLV-III 
envelope due to the frameshift mutation. 

60 

Example 3 

Preparation of Deletion Mutants 

All deletion mutant plasmids were made by 
standard procedures using restriction and modlfica- 65 



lion enzymes according to manufacturer's sugges- 
tions. The 4 base pair (4bp) insertion in the pFS8053 
plasmid resulted from treating a BamHI -digested 
provlrus with the large fragment of DNA polymerase I 
in the presence of nucleotide triphosphates and 
religating prior to transfection of E. coll. 

Figure 2 shows the structure and properties of the 
HTLV-III proviral mutants. The complete HTLV-lll 
provlrus on plasmid pHXBc2 along with known 
genes is shown in the upper left figure (2A). [See 
Fisher, A.C. et al., Nature 316 , supraj. The dark 
boxes represent the two coding exons of the 
tatiiigene. The vertical broken line in the 3' orf gene 
represents a stop codon present in the pHXBc2 
provlrus [Sodroski, J. et al., Science, supra (1986). 
The scale beneath the viral genes represents 
kilobases. Numbers correspond to those by Ratner, 
where the RNA cap site Is designated +1. For 
proviral deletion mutants, the numerals in the 
plasmid name correspond to the endpoints of the 
deletion. 

Replioative potential of the proviruses was tested 
by transfection of CsCI-banded DNA into Jurkat-tatm 
cells [Rosen, C.A. et al., J. Virology 57 :379-384 
(1986)] using the DEAE-dextran technique [Queen 
et al.. CelL 33. supra] . The values In the MIF and CPE 
columns represent the number of days following 
transfection that greater than ,95o/b HTLV-lll-specifIc 
membrane immunofluorescence and greater than 
950/0 cytopathlclty, respectively, were noted in a 
typical experiment. These values were assessed as 
previously described by Sodroski,. J. et al [Science 
(1986) supra] . The value ''>30 days" indicates that 
not greater than 2 per cent HTLV-ill-related mem- 
brane immunofluorescence or cytopathic effect was 
observed in the cultures, even up' to 30 days 
following transfection. Reverse transcriptase assays 
[See Rho, R.M. et al. Virology 11 2 : 335-342 (1981 )] of 
cell supernatants In these cases did not rise above 
background during the observation period. ND = not 
done. (See Figure 2B). 

Assessment of viral RNA production was per- 
formed as described below. Viral protein production 
was assessed by transfecting cells with 10 micro- 
grams plasmid DNA using the DEAE-dextran proce- 
dure and labelling with s^s-cystelne at 48 to 72 hours 
post-transfectlon. labelled cell lysates were precipi- 
tated with patient antisera (RV119 for Jurkat-ta- 
tiiicells and 38-1 for Raji cells) and assessed for gag, 
env and tatmprotein production on SDS-acryiamide 
gels [Lee, T.J. et al., P.N.A.S. 81: 3856-3860 (1984)]. 
A positive (-I-) value indicates detectable gag (p55, 
p38, p24 and/or p17), env (gp160/120) or tatiii (p14) 
bands, whereas a negative (-) value indicates no 
detectable level of these proteins above back- 
ground. 

Trans -activating ability (TA) was assessed by 
co-transfecting 10 micrograms of the proviral plas- 
mid with 10 mfcrograms of plasmid pLI3R-lll, contain- 
ing HTLV-III LTR sequences from -467 to -1-80 5' to 
the chloramphenicol acetyltransferase (CAT) gene, 
into Raji cells [Sodroski, J. et al.. Science 225 : 
381-384 (1984); Gorman, CM. etal., Mol. Cell. Biolg: 
1044-1051 (1982)]. Forty-eight hours after transfec- 
tion, cell lysates were assayed for CAT enzyme 
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activity as described. Numbers represent percent- 
age conversion of chloramphenicol to acetyiated 
forms in one hour using equivalent amounts of 
protein iysate in a typicai experiment. No effect on 
CAT activity directed by the PSV2CAT piasmid, 5 
containing the SV40 early region promoter 5' to the 
CAT gene, was observed With any of the mutant 
proviruses tested. 

Example 4 /O 

RNA and protein production following transfection. 

Approximately 5 x 10^ Raji cells were transfected 
with 10 micrograms test piasmid DNA and 10 
micrograms pSV2p-giobin DNA using the DEAE- 15 
dextran technique [Queen et ai., Cejl 33:741-748 
(1983). Forty-eight hours post-transfection half of 
the ceils were labelled with ^^g-cysteine and 
immunopreclpitated with 38-1 patient antiserum as 
described [Lee, T.J. et ai, P.N.A.S. (1986) supra ]. The 20 
other half of the cells was used for total RNA 
isolation using the guanidine thiocyanate-CsCI 
method [Chirgwin, J.M. et al, Biochemistry 
18:5294-5299 (1979)]. Five micrograms of RNA was 
siot-blotted onto duplicate nitrocellulose filters and 25 
ten micrograms were size-separated on formalde- 
hyde gels and transferred to nitrocellulose [Thomas, 
P., P.N.A.S. 77:5201-5202 (1980)] (See Figure 5A). 
One slot-blot was hybridized to a probe derived from 
the complete p-giobin cDNA sequence (column a). 30 
The other slot-blot (column b) and the Northern blot 
(lower figure) was hybridized to a probe made from a 
pooled collection of Bgl II internal proviral fragments 
derived from the pHXBc2 piasmid. filters were 
washed as described by Thomas, P.NAS., supra , 35 
prior to autoradiography. Proteins immunopreclpi- 
tated from the Raji transfectants are shown in Figure 
5B. Transfected test plasmids for the Northern blot, 
slot blots, and protein gel are: 1)pHXBc2, 2) 
pA(8053-8474) , 3) pFS8053, 4) pA(5365-5496) and 5) 40 
a piasmid, pCRI, containing an incomplete HTLV-I 
provirus. The control lanes in this figure (lanes 1 and 
4) were previously published [Rosen, C.A., et al, 
Nature (1986) supra ]. Figure 5C shows immunopre- 
cipitates of Jurkat-tatm cells transfected with proviral 45 
plasmids using patient antiserum RV119, as pre- 
viously described. Transfected plasmids were: 
pHXBc2 (lanes 1 and 11), pA(5365-5496) (lane 2), 
pA(5365-5702) (lane 3), pA(8053-8474) (lane 4), 
pFS8053 (lane 5), pllip-globin, containing a HTLV-III 50 
LTR 5' to rabbit P-globin cDNA sequences (lanes 6 
and 7), pA(6617-7198) (lane 8), pA(5365-5551) (lane 
9), and pA(5365-5539) (lane 10). 

Example 5 55. 

Expression of The Art Gene Product 

The coding region of art from an HTLV-III cDNA 
clone (derived from pCV4.3 HTLV-III cDNA olo- 
ne[Arya et al. Science , supra] ), as described above, eo 
was inserted into the BamHI site of an overexpress- 
ion vector. Such vectors are readily available to a 
person of ordinary skill in the art. Indicated in 
Figure 6 are the frames of two plasmids (clones 1.10 
and 6,1) constructed to express the artm coding 65 



region. Expression is promoted from the bacterioph- 
age lambda Pl promoter. The Pl promoter is 
normally repressed by the lambda cl repressor gene 
to avoid any problems of lethality due to over 
expression oif any protein during cloning. To monitor 
expression off the Pl promoter, the PL-artm piasmid 
is re-Introduced into bacterial strains (N99clts857) 
that carry a prophage carrying a temperature 
sensitive mutation in its lambda cl gene. The 
temperature sensitive strains are then induced at 
42°C to overexpress the art protein. 

Figure 7A shows that a protein, approximately 19 
to 20 kilodaltons Is induced In strains by PL-artm at 
42° C. Confirmation that this Is the art product is 
shown by use of strains containing a piasmid with an 
out-of-frame art sequence (Clone 12.1). Lanes 3 
and 4 of Figure 7A indicate that this clone does not 
induce any protein of the same molecular weight 
proving that the induced protein is expressed from 
the PL-art||i piasmid. 

Figure 78 shows that the bacterially produced art 
product is recognized by AIDS patient sera. This 
demonstrates that the protein is made In infected 
patients, and Is immunogenic. 

Example 6 

Preparation of Multi-tiered Expression System 

An expression vector was prepared using stan- 
dard techniques (See, e.g., Maniatis, T., el al, 
Molecular Cloning :A Laboratory Manual . Cold Spring 
Harbor Laboratory 1982). This vector contained an 
HTLV-III LTR and the chloramphenicol acetyl trans- 
ferase (CAT) gene, downstream of the HTLV-III LTR. 
The CAT gene was fused to a nucleotide sequence 
derived from the HTLV-III genome, starting with the 
tatiii gene and continuing through the viral polyade- 
nylation sequence, with the art gene excised. This 
nucleotide sequence was prepared by the same 
procedures as described in Example 3, A Jurkat tatni 
cell was transfected by the DEAE-dextran procedure 
Using ten micrograms of the vector. Forty-eight 
hours after transfection, cell lysates were prepared 
and tested for the presence of the Cat protein. No 
CAT expression was detected. Subsequently, these 
cells were cotransfected with ten micrograms of the 
LTR-CAT piasmid and ten micrograms of an art 
expressing piasmid as described above. Thereafter, 
CAT expression was detected confirming the ability 
of the art gene to "turn on" cellular expression of a 
heterologous gene under the control of a cis-acting 
negative sequences derived from the viral genome, 
All the references discussed above are incorpor- 
ated herein by reference. 

It is evident that those skilled in the art, given the 
benefit of the foregoing disclosure, may make 
numerous other used and modifications thereof, and 
departures from the specific embodiments de- 
scribed herein, without parting from the inventive, 
concepts, and the present invention is to be limited' 
solely by this scope and spirit of the appended 
claims. 
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Claims 

5 

1. A substantially pure protein comprising 
about 116 amino acids derived from expression 
of the art gene, exiniblting trans -activating 
activity. 

2. A polypeptide containing a sufficient 10 
number of amino acids in the amino acid 
sequence shown in Rgure 1 to exhibit trans- ao- 
tivatlng activity. 

3. A DNA segment comprising a nucleotide 
sequence coding for production of the art IB 
protein by an infected cell. 

4. The DNA segment of claim 3 comprising 
sufficient nucleotide base pairs in the sequence 
of Figure 1, to express a polypeptide having a 
trans -activating function. 20 

5. A DNA segment according to claim 3, and 
having the nucelotide sequence shown in 
Figure 1. 

6. A vector comprised primarily of non-j-ITLV- 

III sequences that contains the coding sequen- ^ 
ces of the HTLV-III art gene. 

7. A vector containing a sufficient amount of 
the art gene, to be able to express an art gene 
product that exhibits trans- activating activity, a 
sufficient amount of the HTLV-III LTR respon- 30 
sive to the art gene product for trans- activation 

and an enhancer upstream of the art responsive 
segment. 

8. The vector of claim 7 wherein the sufficient 
amount of the HTLV-III LTR Is the HTLV-III TAR 35 
element. 

9. A stable cell line containing and expressing 
the art gene. 

10. A method for producing the art gene 
product which comprises transfecting a prese- 40 
lected cell line with the vector of claim 7. 

11. A method for producing the art gene 
product which comprises transfecting the cell 
line of claim 9 with a vector containing a 
sufficient amount of the HTLV-III LTR respon- 46 
sive to the art gene product for trans- activation 

and an enhancer upstream of the art responsive 
segment. 

12. The method of claim 7 wherein the vector 

also contains a preselected heterologous gene. so 

13. The method of claim 11 which further 
comprises contacting the cell with the gene 
product. 

14. The method of claim 13 wherein the cell 
itself contains the tetm gene. 55 

15. A method for controlling the production of 
a desired heterologous gene product which 
comprises: 

(a) transfecting a preselected cell line 
with a vector containing a sufficient 60 
amount of the HTLV-III LTR to be respon- 
sive to a trans- activating protein upstream 
of a desired heterologous gene fused to an 
HTLV-III derived cis-acting negative regula- 
tory sequence; and 65 



(b) at a predetermined time counter-ac- 
ting the cis-acting regulatory sequence 
with a sufficient amount of an artgene 
product to release the effect of the 
cis-acting negative regulation. 

16. The method of claim 15 wherein the 
preselected cell line is a tatm cell line. 

17. The method of claim 15 wherein the 
cis-acting negative sequence is contained in a 
nucleotide sequence containing sufficient nu- 
cleotides of the eny gene and the g^ gene to 
express functional cis-acting inhibitory factor, 
but excluding sufficient nucleotides from the art 
gene to express functional gene product, 
sufficient nucleotides of the tatm gene to 
express functional tat m gene product and the 
HTLV-III viral polyadenyiation sequences. 

18. The method of claim 16 wherein the vector 
contains an HTLV-III gag gene which contains 
the cis-acting inhibitory factor. 

19. The method of claim 15 wherein the vector 
contains an HTLV-III env gene which contains 
theciSTaoting inhibitory factor. 

20. The art cell line of claim 9 where the cell is a 
modified Raji cell line. 

21 . The art cell line of claim 9 where the cell is a 
modified HeLacell line. 

22. The art cell line of claim 9 where the cell is a 
modified NIH 3T3 cell line. 

23. The art cell line of claim 9 where the cell is a 
modified Jurl<at cell line. 

24. The art cell line of claim 9 where the cell is a 
modified human T-cell line. 

25. The art cell line of claim 9 where the ceil is a 
modified human B-cell line. 

26. A method of detecting the presence of 
HTLV-III/LAV virus in an individual which com- 
prises: 

(a) incubating tissue or body fluids from 
the tested individual with antiserum to art 
protein; and 

(b) screening for immunogenic re- 
sponse. 

27. A method for screening for compounds 
that inhibit the replication of HTLV-lli compris- 
ing: 

(a) transfecting a preselected T-celi line 
with the HTLV-illart and env genes; 

(b) thereafter, adding a preselected 
compound to the transformed cell line in 
increasing concentrations; and 

(c) determining whether the compound 
effects the art function without being toxic 
to the cell. 

28. The method of daim 27 wherein the T-celi 
is transfected by cocultivating the T-cell with an 
art cell of claim 9, wherein the art cell further 
contains an HTLV-iii env gene. 

29. The method of claim 27 wherein the T-cell 
is selected from a cell line particulariy sensitive 
to the cytopathic effects of HTLV-lil/U^V virus. 

30. The method of claim 29 wherein the cell line 
is a T4 cell line. 

31 . The method of claim 27 wherein the cell line 
is aJURKAT cell line. 
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32. The method of claim 27 wherein the celf line 
is HUT 78. 

33. The method of claim 27 wherein the cell line 
contains a marker that will be released into the 
culture medium upon the cell's death. 5 

34. The method of claim 33 wherein the marker 
is chromium. 

35. The method of claim 27 wherein the cell line 
contains a marker that will be released into the 
culture medium upon the cell's death. 10 

36. The method of claim 35 wherein the marker 
is chromium. 

37. The method of claim 27 wherein the 
preselected compound is a compound that 
affects translation. is 

38. The method of claim 27 wherein the 
preselected compound is a compound that 
prevents the interaction of the art protein with 
the sequences responsive to this protein in the 
cis-acting inhibitory factor. 20 

39. The method of claim 27 wherein the 
preselected compound Is selected from the 
group consisting of competitors, compounds 
that inhibit translation, and compounds that 

alter the binding ability of a compound. 25 

40. The method of claim 27 wherein the 
preselected compound is a competitor 

41. The method of claim 40 wherein the 
preselected compound is a mutant art protein 
deficient in its trans -activation function. 30 

42. The method of claim 27 wherein the 
preselected compound Is antisera to the art 
protein. 

43. The method of claim 27 which further 
comprises contacting the cell with the tatm gene 35 
product. 

44. A method for scrrening for compounds 
that inhibit the replication of HTLV-lll compris- 
ing: 

(a) transfecting a preselected art T-cell 40 
line of claim 24 with the HTLV-lll env gene ; 

(b) thereafter, adding a preselected 
compound to the transformed cell line in 
Increasing concentrations; and 

(c) determining whether the compound 45 
effects the art function without being toxic 

to the cell. 

45. A method of detecting the presence of 
HTLV-III/LAV virus in an individual which com- 
prises: 50 

(a) raising antibodies to the art protlen of 
claim 1 by Incubating the protein with 
tissue or body fluids from the tested 
individual; and 

(b) screening for Immunogenic re- B5 
sponse. 

46. The method of claim 26 where whole blood 

or lymphocytes from the tested individual is 
Incubated with the antiserum. 

47. The art cell line of claim 9 where the cell is a 60 
CHO cell line. 

48. A substantially pure protein having a 
molecular weight of about 19 to 20 kilodaltons 
produced by an infected cell from the DNA 
sequence of claim 3. 65 
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»ACIFTIIVSDPPPNPEOTRqARRNRRRRWRE 

, , I BamHI i' t i > t ' anfi 

AGACAGACACACATCCATTCCATTACIGAACiKATnCTTACCACTTATCTCCnACGATCTCCGOACCCIGTGCCTCTTCACCTACCACCGCTTCAG 
RQRQIHSISERILSTYLCRSAEPVPLQLPPLE 
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Pl PROMOTEg.r=rLCu riboseinetmdmg site 




ARTjjj CDMA 



CLONE HO -ATG GAT CTG GCA GGA AGA - 
artjjj frame 



CLONE 6-1 -ATG GAT CTG AGA A6C GGA 
artjjj frame 



CLONE 12-1 -ATG GAT CTG A GTC AGA- 
(out of frame) 



FIG. 6 




FIG. 7A 



Induction of total bacterial proteins. 
Lane 1: Pjj art jjj at 30°C. 
Lane 2: Pt artjii 42*^0. 

Lane 3: Clone 12.1 (out of frame plasmid) at 30°C. 

Lane 4: clone 12.1 (out of frame plasmid) at 42°C. 
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Lane 1: 
Lane 2: 

Lane 3: 

Lane 4: 

Lane 5: 
Lane 6: 
Lane 7: 



i^^III (clone 1.10) grown at 30°C. 
artjjj (clone l.lO) grown at 42°C. 



^^C-labeled markers purchased from Amersham. 

Clone 1.10 grown at 30°C and Immunoprecipltated with 
AIDS patient aerum, RV119. 

Clone 1.10 grown at 42°C and immunoprecipltated with 
RV119. 

Clone 6.1 grown at 3D®C and precipitated with RV119. 
Clone 6.1 grown at 42^C and precipitated with RV119. 



Lanee 8 and 9: Clone 12.1 (out of frame) precipitated with 
RV119, grown at 30°c or 42°C respectively. 
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